Reactivity patterns for redox reactions of monomer forms of myoglobin, hemocyanin and hemerythrin.
Electron-transfer reactions of myoglobin, hemocyanin and hemerythrin with the inorganic complexes [Fe(CN)6]3- (oxidant) and [Co(sep)]2+ (reductant) are considered. Rate constants kFe (25 degrees C) have been determined for the [Fe(CN)6]3- (410 mV) oxidation of horse deoxyMb, I = 0.100 M (NaCl). From the decrease in kFe over the range pH 5.5 to 9.0 a pKa of less than 6.2 is obtained, most likely due to the involvement of the heme propionate(s). At the higher pH values the rate constant is 1.2 x 10(6) M-1 s-1. Rate constants kCo (25 degrees C) for the [Co(sep)]2+ (-260 mV) reduction of metMb are also pH-dependent, pKa = 8.82, corresponding to acid dissociation of the H2O axially coordinated to the Fe(III). The rate constant for the aqua-met form is 2.8 x 10(3) M-1 s-1 at pH values less than 7.0. In contrast, no reaction is observed for the deoxy and met forms of P. interruptus hemocyanin monomer subunit a with the same two complexes (k less than 10(2) M-1 s-1). Comparisons are made with rate constants for hemerythrin, also as the monomer, which have been determined previously. Rate constants for the reactions of deoxy forms with the neutral small molecules, here O2 and H2O2, are also considered. Whereas the reactions of [Fe(CN)6]3- and [Co(sep)]2+ are at the protein surface, those of O2 and H2O2 are at the active site. Hemocyanin with the more buried (approximately 20 A) active site compared with myoglobin (3.8 A) and hemerythrin (6.3 A), does not readily undergo electron transfer with reagents at the surface. However, with the small molecules O2 and H2O2 penetration of the surrounding peptide occurs, with reaction at the active site. Rate constants for the three proteins are now of similar magnitude, and in the range (2.3-7.8) x 10(7) M-1 s-1 for O2, and 10.9 to 3600 M-1 s-1 for H2O2.